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DESCRIPTION 
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CHANNEL ESTIMATING APPARATUS AND CHANNEL ESTIMATING METHOD 

Technical Field 

The present invention relates to a channel estimating 
apparatus and a channel estimating method used in a digital 
radio communication system, particularly in the CDMA (Code 
Division Multiple Access) system - 



Background Art 

In a radio communication, a base station and a 
communication terminal respectively have a separate clock 
generator* Generally, while the base station has a highly 
15 accurate (O.lppm or less) oscillator, the communication 
terminal has an oscillator with an accuracy of about several 
ppm from the point of cost, size and electric power consumption, 
etc . 

For example, in a communication terminal, when the 
20 carrier frequency is 2GHz, a frequency difference of 2kHz or 
more ( at the accuracy of lppm) is generated, under such situation, 
the reception becomes difficult. Accordingly, normal 
communication terminal has a function to control the differences 
in a clock frequency based on the received signals of the downlink, 
25 i.e., afc (Automatic Frequency Control). 

In case of W-CDMA (Wideband-Code Division Multiple 
Access) digital radio communication system, it is required by 
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the 3GPP (3rd Generation Partnership Project) regulations that 
the accuracy should be within . 0.1ppm(at a carrier frequency 
of 2GHz which is equivalent to 200Hz)» 

However, even when the aforementioned regulations are 
5 met, channel estimation of the uplink received signal by base 
station is largely deteriorated due to phase rotation on account 
of frequency offset at the communication terminal (a frequency 
difference of a received signal caused by a correction error 
in AFC (AFC residual) which corrects differences in the clock 

10 frequency of the communication terminal, for example, about 
48 degrees during a slot at a frequency offset of 200Hz) and 
a phase rotation by a high maximum Doppler frequency (fD) (for 
example, a phase rotation of about 57.6 degrees during a slot 
at 240Hz (equivalent to a velocity of about 120km/h ) due to 

15 a fading fluctuation, resulting in large deterioration of the 
reception characteristics. 

Particularly, in a (WMSA: Weighted Multi-Symbol 
Averaging ) method in which pilot symbols of a plurality of slots 
are weighted and averaged aiming at increasing channel 

2D estimation accuracy, a longer averaging time used for obtaining 
a channel estimation results in a larger influence . Therefore , 
it has been considered, conventionally, to control the averaging 
length (slot length and weight factor thereof) by means of the 
fD. 

25 FIG. 1 is a block diagram showing a configuration of 

the conventional channel estimating apparatus . In correlator 
1, a despreading processing is made on a received signal using 
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a spreading code which has been used in a spread modulation 
processing at the communicating partner, and the signal is 
output to a multiplier 2 . In the multiplier 2 , a pilot portion 
(a part of a known signal) of the signal after despreading 

5 processing is multiplied by a pilot pattern (PL pattern) , and 
the result of multiplication is output to a coherent adding 
circuit 3. In the coherent adding circuit 3, the result of 
multiplication is subjected to an in-phase addition to obtain 
a channel estimation value of respective slot units . The 

10 multiplication of the PL pattern and the in-phase addition serve 
as processing in a slot. The channel estimation value is then 
output to a weighted adding circuit 4 . In the weighted adding 
circuit 4 , a weighting addition is made on the channel estimation 
value of a slot unit over several slots. Accordingly, the 

15 weighting addition processing is an inter-slots processing. 

On the other hand, the signal after despreading 
processing is output to a phase rotation detecting circuit 5. 
In the phase rotation detecting circuit 5, a phase rotation 
is detected by detecting the Doppler frequency ( f D ) from the 

20 despreading processed signal, and the amount of phase rotation 
is output to a weight factor calculating circuit 6. in the 
weight factor calculating circuit 6, a weight factor is 
calculated based on the amount of phase rotation and output 
to the weighted adding circuit 4. Thus, a channel estimation 

25 value is obtained from the channel estimation value which has 
been subjected to a weighting addition over a plurality of slots . 

As described above, in the channel estimating 
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apparatus that has the foregoing configuration , when 
calculating a channel estimation value in a certain slot, the 
channel estimation accuracy is increased if channel estimation 
values of the slots before and after the certain slot are used, 
which are supposed to have a high time correlation in fading 
fluctuation . 

In the foregoing conventional channel estimating 
apparatus, so as not to receive the influence as the phase 
rotation due to the frequency offset or the fading fluctuation 
grows, the averaging time is shortened (the number of the slots 
prior to and after averaging is reduced) - This means that the 
energy of the signal used for channel estimation is reduced 
in the amount equivalent to the shortened averaging time. When 
the signal energy which is used for channel estimation, is 
reduced the SINR (Signal to Interference and Noise Ratio) is 
inevitably deteriorated resulting in a deterioration of the 
channel estimation accuracy itself. 

Disclosure of Invention 

An object of the present invention is to provide a 
channel estimating apparatus and a channel estimating method 
which are capable of increasing the channel estimation accuracy 
without allowing the reception quality to be deteriorated. 

Considering the fact that the phase rotation which 
requires a correction when carrying out a channel estimation 
depends on the frequency offset which varies at a relatively 
loose time in order of several seconds or more depending on 
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external circumstances such as correction error in the AFC (AFC 
residual ) thereby a fluctuation in clock frequency at a 
communication terminal is corrected, and on the fading 
fluctuation which frequently varies at an order of several 
5 milliseconds, the inventor of the present invention has reached 
to carry out his invention by discovering a fact that the channel 
estimation accuracy is increased without allowing the channel 
estimation accuracy to be deteriorated by performing a 
correction of the phase rotation and a correction (control) 

10 of the weight factor of the WMSA respectively responding to 
the frequency offset and the fading fluctuation, and by 
reflecting both of the corrections to the channel estimation. 

Further, the inventor of the present invention reached 
to carry out his invention by discovering a fact that in the 

15 forgoing phase rotation correction, the channel estimation 
accuracy is increased through carrying out a channel estimation 
by correcting the phase rotation of a symbol unit ( in-slot 
processing) prior to an in-phase addition of the despreading 
signal, and further, by correcting the phase rotation of a slot 

20 unit ( inter-slots processing) after an in-phase addition. 

That is to say, the main point of the invention is 
to increase the channel estimation accuracy without allowing 
the reception quality to be deteriorated by detecting a 
frequency offset component and a fading fluctuation component 

25 of the phase rotation separately from a known signal included 
in a received signal, and by carrying out a channel estimation 
using the frequency offset component and the fading fluctuation 
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component: of the phase rotation* 

Brief Description of Drawings 

FIG. 1 is a block diagram showing a configuration of 
5 a conventional channel estimating apparatus; 

FIG . 2 is a block diagram showing a configuration of 
a base station equipped with a channel estimating apparatus 
according to a first embodiment of the present invention; 

FIG. 3 is a block diagram showing a configuration of 
10 a channel estimating circuit of the base station shown in FIG. 
2; 

FIG. 4 is a block diagram showing a configuration of 
a communication terminal , which carries out radio communication 
with a base station equipped with the channel estimating 
15 apparatus according to the first embodiment of the present 
invention; 

FIG. 5 is a block diagram showing a configuration of 
a channel estimating circuit of a base station equipped with 
a channel estimating apparatus according to a second embodiment 
20 of the present invention; and 

FIG. 6 is a diagram showing a table illustrating modes 
in the base station equipped with the channel estimating 
apparatus according to the second embodiment of the present 
invention; 

25 

Best Mode for Carrying Out the Invention 

Now, referring to the attached drawings, a detailed 
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description will be made to the embodiments of the present 
invention . 



(First embodiment) 
5 In a first embodiment, a description of the case when 

carrying out channel estimation in which a phase rotation due 
to both frequency offset and fading fluctuation are separately 
calculated and then both phase rotations are corrected is given 
below. 

10 FIG. 2 is a block diagram showing a configuration of 

a base station equipped with a channel estimating apparatus 
according to the first embodiment of the present invention. 
In the base station shown in FIG. 2, a description will be made 
to the case where there are two paths for carrying out RAKE 

15 combining; it is also applicable to the case where there are 
three or more paths for carrying out RAKE combining - Moreover , 
in order to simplify the description of the base station shown 
in FIG. 2, only a sequence of one user is indicated. 

A signal transmitted from a communication terminal 

20 as a communicating partner is received by a radio receiving 
circuit 103 through an antenna 101 and a duplexer 102. In the 
radio receiving circuit 103, a predetermined radio receiving 
processing (such as down convert, A/D conversion, etc.) is 
performed on the received signal, and the signal after the radio 

25 receiving processing is output to correlators 104 and 105. 
Additionally, the signal after the radio receiving processing 
is also output to a search circuit 106. 
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In the correlator 104, a despreading processing of 
a data portion (DPDCH : Dedicated Physical Data Channel) of the 
radio receiving processed signal using a spreading code which 
has been used in a spreading modulation processes in the 
5 communication terminal as a communicating partner is carried 
out, and the signal is then output to a delay module 1071 of 
a coherent detecting circuit 107 and to a delay module 1081 
of a coherent detecting circuit 108, In the correlator 105, 
a despreading processing on a pilot portion (known signal) of 

10 the radio receiving processed signal using a spreading code 
which has been used in a spreading modulation processes in the 
communication terminal as the communicating partner is carried 
out, and the signal is output to a channel estimating circuit 
1072 of the coherent detecting circuit 107 and to a channel 

15 estimating circuit 1082 of the coherent detecting circuit 108. 
in the search circuit 106, synchronization of the paths that 
carry out the despreading processing is acquired, and the timing 
information is output to both correlator 104 and correlator 
105* The correlator 104 and correlator 105 carry out the 

20 despreading processing respectively based on the timing 
information received from the search circuit 106. 

In the channel estimating circuit 1072 of the coherent 
detecting circuit 107 , channel estimation is carried out using 
the pilot portion of the received signal and the channel 

25 estimation value is output to a multiplier 1073. in the 
multiplier 1073, the data portion of the received signal which 
has been timing compensated in the delay module 1071, is 
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multiplied by the channel estimation value- Accordingly, a 
coherent detection is performed . The signal after the coherent 
detection process is output to a RAKE combiner 109. 

In the channel estimating circuit 1082 of the coherent 
5 detecting circuit 108 , channel estimation is carried out using 
the pilot portion of the received signal, and the channel 
estimation value is output to a multiplier 1083. In the 
multiplier 1083, the data portion of the received signal which 
has been timing compensated by the delay module 1081 is 

10 multiplied by the channel estimation value. Accordingly, a 
coherent detection is performed . The signal after the coherent 
detection process is output to the RAKE combiner 109. 

In the RAKE combiner 109, the outputs from both coherent 
detecting circuits 107 and 108 are subjected to a RAKE combining 

15 and the RAKE combining subjected signal is output to a 
demodulating circuit 110. in the demodulating circuit 110, 
a demodulating processing of the RAKE combining sub jected signal 
is executed so as to obtain a received data. 

Transmission data is output to a spreading circuit 

20 112 after being subjected to a modulating processing by a 
modulating circuit 11 1 - in the spreading circuit 1 12 , a spread 
modulation processing of the data being subjected to a 
modulating processing is performed using a predetermined 
spreading code, and the data after the spread modulation 

25 processing is output to a radio transmitting circuit 113. In 
the radio transmitting circuit 113, a predetermined radio 
transmitting processing ( d/a conversion, up-conversion ) on the 
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data after the spread modulation processing is carried out. 
The signal which has been subjected to the radio transmitting 
processing is then transmitted to the communication terminal 
as a communicating partner via the antenna 101 and duplexer 
5 102. 

Next , a description of the configuration of the channel 
estimating circuits 1072 and 1082 of the coherent detecting 
circuits 107 and 108 is given. FIG . 3 is a blockdiagram showing 
a configuration of the channel estimating circuit of the base 

10 station shown in FIG. 2. 

In the multiplier 201 , the signal after despreading 
processing is multiplied by a phase rotation correction value 
of each symbol , and the signal after the mult iplication is output 
to a multiplier 202. In the multiplier 202, the signal after 

15 despreading processing which has been subjected to the phase 
rotation correction of each symbol is multiplied by a pilot 
pattern (PL pattern) to adjust the signal to a same phase by 
eliminating a data modulation component due to PL pattern, and 
the result of multiplication is output to a coherent adding 

20 circuit 203. 

In the coherent adding circuit 203, the result of 
multiplication is subjected to an in-phase addition to obtain 
a channel estimation value of each slot. The multiplication 
of the phase rotation correction value of each symbol, 

25 multiplication of the PL pattern and in-phase addition are the 
processing within a slot . The channel estimation value is then 
output to a weighted adding circuit 204. 
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On the other hand, the signal after despreading 
processing is output to a frequency offset detecting circuit 
2051 and a fading fluctuation component detecting circuit 
(hereinafter, referred to as fD detecting circuit) 2052 of a 
phase rotation detecting circuit 205. In the frequency offset 
detecting circuit 2051, a frequency offset is obtained from 
the signal after despreading processing . The frequency offset 
component (the amount of phase rotation corresponding to the 
frequency offset) is output to a per-slot phase rotation 
correcting circuit 207 and per-symbol phase rotation correcting 
circuits 209 and 210. In the fD detecting circuit 2052, a 
maximum Doppler frequency (hereinafter, referred to as Doppler 
frequency or fD) is also obtained. in general, compared to 
the frequency offset, it is difficult to precisely measure the 
Doppler frequency in a fading fluctuation. Accordingly , in 
detecting the foregoing Doppler frequency, it is considered 
to obtain a Doppler frequency which is coarser in accuracy (for 
instance, several deca-Hz or a low/medium/high speed detection, 
etc . ) than the detection accuracy of the frequency offset . The 
fading fluctuation component (the amount of phase rotation 
corresponding to the f D ) is output to a weight factor calculating 
circuit 208. 

The per-symbol phase rotation correcting circuit 210 
calculates a phase rotation correction value AOsymbol indicated 
for each symbol based on the amount of phase rotation of the 
frequency offset, and the phase rotation correction value 
AGsymbol is output to the multiplier 201 . The per-slot phase 
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rotation correcting circuit 207 calculates a phase rotation 
correction value AOslot indicated for each slot based on the 
amount of phase rotation of the frequency of fset, and the phase 
rotation correction value A9slot is output to the weighted 
5 adding circuit 204 - The per-symbol phase rotation correcting 
circuit 209 calculates a phase rotation correction value 
AGsymbol of each symbol based on the frequency offset component , 
and the phase rotation correction value AGsymbol is output to 
a multiplier 206. Since the phase rotation correction value 

10 AGsymbol which is output to the foregoing multiplier 201 and 
the phase rotation correction value AGsymbol which is output 
to the foregoing multiplier 206 are both of the same value, 
it is possible to integrate them to one. 

In the weight factor calculating circuit 208 , a weight 

15 factor(a) is calculated in accordance with the detected fD 
value, and the weight factor a is output to the weighted adding 
circuit 204. 

In the weighted adding circuit 204, a weighting 
addition on the channel estimation value of each slot over a 

20 plurality of slots using the phase rotation correction value 
AGslot from the per-slot phase rotation correcting circuit 207 
and the weight factor a from the weight factor calculating 
circuit 208 is executed. Accordingly, the weighting addition 
processing is a processing which is made among the slots. 

25 Thus, based on the channel estimation value which has 

been subjected to a weight addition over a plurality of slots, 
a channel estimation value of each symbol or a channel estimation 
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value of an average of slots is obtained. In such case and 
depending on the necessity , as channel estimation value, either 
a channel estimation value of an average of slots which is output 
from the weighted adding circuit 204 is used, or a channel 
5 estimation value of each symbol obtained by multiplying the 
channel estimation value of an average of slots which is output 
from the weighted adding circuit 204 by the phase rotation 
correction value AGsymbol of each symbol in the multiplier 2 06 
is used* 

10 FIG. 4 is a block diagram showing a configuration of 

a communication terminal which carries out radio communication 
with a base station equipped with the channel estimating 
apparatus according to the first embodiment of the present 
invention. In the communication terminal shown in FIG • 4, 

15 although a description will be made to the case in which only 
one path for carrying out the RAKE combining is included, it 
is applicable to other cases in which two or more paths are 
included for carrying out the RAKE combining. 

The signal transmitted from the base station as the 

20 communicating partner is received by a radio receiving circuit 
303 through an antenna 301 and a duplexer 302 . in the radio 
receiving circuit 3 03, a predetermined radio receiving 
processing is made on the received signal, and the signal after 
the radio receiving processing is output to both correlator 

25 304 and search circuit 307. 

In the correlator 304 , a despreading processing is 
performed on the radio receiving processed signal using the 
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spreading code which has been used in the spread modulation 
processing in the base station as the communicating partner, 
and the signal is output to a channel estimation/coherent 
detection/combining circuit 305* The correlator 304 carries 
5 out a despreading processing based on the timing information 
from the search circuit 307. In the channel 

estimation/coherent detection/combining circuit 305 , a 
channel estimation is preformed using a pilot portion (known 
signal) of the signal after the radio receiving processing to 

10 obtain a channel estimation value, and a coherent detection 
is performed by multiplying the data portion of the signal after 
the radio receiving processing by the channel estimation value . 
Further, in the channel estimation/coherent 

detection/combining circuit 305, a RAKE combining is executed 

15 using the signal after the coherent detection - 

The signal after the RAKE combining is output to a 
demodulating circuit 306. In the demodulating circuit 306, 
a demodulating processing is carried out on the signal after 
the RAKE combining to obtain a received data. 

20 After being subjected to a modulation processing in 

a modulating circuit 308, the transmission data is output to 
a spreading circuit 309 . In the spreading circuit 309 , a spread 
modulation processing is made on the data after the modulation 
processing using a predetermined spreading code, and the data 

25 after the spread modulation processing is output to a radio 
transmitting circuit 310. In the radio transmitting circuit 
310, a predetermined radio transmitting processing is made on 
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the data after the spread modulation processing. The signal 
which has been subjected to the radio transmitting processing 
is transmitted to the base station as the communicating partner 
via the antenna 301 and duplexer 302. 
5 A digital radio communication system based on the CDMA 

system is constituted of the base station shown in FIG. 2 and 
the communication terminal shown in FIG. 4 as described above, 
and a radio communication is carried out by the base station 
shown in FIG. 2 and the communication terminal shown in FIG. 
10 4. 

Next, an operational description of the base station 
provided by a channel estimating apparatus having the 
aforementioned configuration is given below. 

In the base station, an uplink signal from the 

15 communication terminal is received, and a despreading 
processing is carried out on the received signal by a correlator. 
The despread signal is output to both frequency offset detecting 
circuit 2051 and f D detecting circuit 2052 of the phase rotation 
detecting circuit 205. In the frequency offset detecting 

20 circuit 2051 and fD detecting circuit 2052, respectively, a 
frequency offset component and an fD are detected separately. 

Herein, as a method for separating and detecting the 
frequency of f set component and the fading fluctuation component , 
for instance, there is a method of averaging taking into 

25 consideration the ± sign and the direction of the phase rotation 
when calculating an inner product and do averaging based on 
a channel estimation value after a normalization of each slot. 
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Specifically, by taking the averaging over a relatively long 
averaging length, removing the component of the phase rotation 
due to the fD which varies frequently and the phase rotation 
can be detected based on the frequency offset only. Moreover, 
5 by averaging the absolute values of the values obtained by 
subtracting the phase rotation which is obtained based on the 
frequency offset only from each inner product value (value with 
symbol of the rotation direction), an average value of phase 
rotation based on the fD only can be obtained. However, in 

10 the present invention, the method for separating and detecting 
the frequency offset component and the fading fluctuation 
component is not limited to the foregoing example; there is 
no problem when another method is applied. 

The phase rotation due to the frequency offset can 

15 be regarded as to be constant relative to the measuring time 
(several seconds order). Since the phase rotation due to the 
fading fluctuation is not constant, even in a short interval, 
in both oi the rotation amount and the rotation direction, the 
difference between the detected value averaged over a long 

20 period of time and the instantaneous amount of the phase rotation 
is large, hence, the channel estimation accuracy may be 
adversely deteriorated when a phase rotation correction is made 
based on an incorrect detected value. 

On the other hand, in case when the Doppler frequency 

25 is high, since the influence that the phase rotation due to 
the fading fluctuation gives to the in-phase addition cannot 
be ignored, it is considered rather better to correct not only 
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the frequency offset but also the phase rotation due to the 
fading fluctuation. In any case, the correction of the phase 
rotation due to the fading fluctuation depends on the detection 
accuracy in a short period of time. 
5 As described above, by separately detecting the phase 

rotation due to the frequency offset and the phase rotation 
due to the fD, and by reflecting both amounts of phase rotation 
to the channel estimation/ it is possible to prevent the channel 
estimation from being deteriorated when the difference between 

10 an averaged value which is detected over a long period of time 
and an amount of instantaneous phase rotation is large, and 
it is also possible to reduce the influence of the phase rotation 
due to the fading to the in-phase addition. 

The frequency offset component obtained by the 

15 frequency offset detecting circuit 2051 is output to the 
per-symbol phase rotation correcting circuits 209 and 210 and 
the per-slot phase rotation correcting circuit 207. That is 
to say, in the present invention, the correction of each symbol 
as well as correction of each slot before weighting addition 

20 is used as a phase rotation correction. Accordingly, in the 
in-slot processing, the phase rotation is corrected as a symbol 
unit, in addition, the phase rotation is corrected as a slot 
unit (using also slots before and after the slot under 
consideration) . 

25 By carrying out the phase rotation correction in two 

steps as described above, i.e., first of all, by carrying out 
a correction as a symbol unit, a frequency offset component 
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is removed from a channel estimation value of each symbol and 
the channel estimation accuracy of a slot unit by the in-phase 
addition is increased, and then, by removing the frequency 
offset component among the slots before and after the slot to 
5 be demodulated in the WMSA, the channel estimation accuracy 
by the weighting addition of the WMSA can be increased- As 
described above, since the phase rotation correction can be 
carried out in symbol level and slot level, separately, it is 
possible to obtain the channel estimation value with a higher 
10 accuracy . 

Moreover, when carrying out the phase rotation 
correction of a symbol unit and the phase rotation correction 
of a slot unit as described above, there may be two cases of 
the unit on which the channel estimation is to be made, i.e., 
15 a case of the symbol unit or a case of the slot unit. When 
the channel estimation value has been calculated of a symbol 
unit, it is necessary to carry out a symbol adjustment when 
carrying out channel estimation. 

In the per-symbol phase rotation correcting circuits 
20 209 and 210 and the per-slot phase rotation correcting circuit 
207, phase rotation correction values are obtained by carrying 
out the following specific calculations, respectively. 

A correlation output after being adjusted to a same 
phase by eliminating data modulation component when multiplied 
25 by the PL pattern of the pilot portion is expressed as: 

pl(m)=pl.i+jpl.q(m=0-5:m represents a symbol) ...FORMULA ( 1 ) 
A phase rotation correction value of a symbol unit 
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which is calculated by the per-syrobol phase rotation correcting 
circuits 209 and 210 is given by; 

e j ( A0symb*m ) =ad _symb . i ( m ) + j * ad_symb . q ( m ) ...FORMULA ( 2 ) 

A phase rotation correction value of a slot unit which 
5 is calculated by the per-slot phase rotation correcting circuit 
207, is given by: 

ej(A0slot*t)=ad_slot.i(t)+j adslot .q(t) 
( t=-2 , - 1 , 0 , +1 , +2 ) ...FORMULA ( 3 ) 

The phase rotation correction value AGsymbol of the 
10 per-symbol phase rotation correcting circuit 210 is output to 
the multiplier 2 01 by which a despreading signal is multiplied 
before PL pattern multiplication. Owing to this, the phase 
rotation is corrected as a symbol unit before obtaining the 
correlation with the PL pattern. 
15 The correlation output pl(m) which is obtained by 

multiplying the despread signal of the pilot portion of which 
phase rotation has been corrected as a symbol unit by the PL 
pattern is output to the coherent adding circuit 203. In the 
coherent adding circuit 203, an in-phase addition is performed 
20 yielding: 

ch(t,0 )=£pl(m) ej(A6symb*m) , ...FORMULA ( 4 ) 

where m=0-5 . The ch ( t , m ) represents a channel estimation value 
of a t-slot and ra-symbol , respectively . The channel estimation 
value is the value before weighting addition (WMSA: Weighted 
25 Multi-Symbol Averaging). 

Then, the channel estimation value after in-phase 
addition is output to the weighted adding circuit 204. In the 
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weighted adding circuit 204 , a WMSA is made using a weight factor 
a which has been calculated by the weight factor calculating 
circuit 208 and a phase rotation correction value AQslot which 
is an output of the per-slot phase rotation correcting circuit 
5 207 . In the correction of the WMSA, a correction of the A9slot 
is made using a slot which is to be demodulated as the center. 

Assuming that a channel estimation value of the m-th 
symbol and n-th slot of the first branch is expressed by the 
FORMULA(5)given below: 

10 

h t (n t m) , ...FORMULA ( 5 ) 

then, the channel estimation value of each slot after in-phase 
addition becomes as shown in FORMULA ( 6 ) ; further, by using the 
15 channel estimation values of a plurality of slots prior thereto 
and thereafter, the channel estimation value becomes as 
expressed in FORMULA ( 7 ) - 



1 fc 1 - 

W ~ TT 2 ^ m ) ...FORMULA ( 6 ) 

& p iw-0 



20 



i t (n)= (n + 0 ...FORMULA ( 7 ) 



where a i( =<1 ) represents a weight factor. 

The WMSA technique is disclosed in THE INSTITUTE OF 
25 ELECTRONICS. TECHNICAL REPORT OF IE ICE (RCS97-163, 1997-11); " 
Characteristics of DS/CDMA Weighted Multi-Symbol Averaging 
(WMSA) Pilot Channel" ; Abeta, Ando, Sawahashi and Adachi, entire 
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content thereof is expressly incorporated by reference herein. 

Applying this technique when calculating a channel 
estimation value of the foremost symbol of a demodulating slot 
by carrying out the WMSA according to the phase rotation 
5 correction of a slot unit, the calculation is carried out using 
the FORMULA: 

CH(t, 0)=EW(t) -ch(t,0) -ej(A9slot*t), —FORMULA ( 8 ) 
where number of slots is 5, i.e., t=-2, -1, 0, +1 , +2; but the 
number of the slots is not particularly limited, W(t) indicates 
10 a weight factor of the WMSA, and CH(t,m) indicates a channel 
estimation value of a t-slot and m-symbol, respectively. The 
channel estimation value is a value taken after WMSA. 

Accordingly, the obtained channel estimation value 
of each symbol is expressed by: 
15 CH(t,m)=CH(t,0) -ej (A9symb*m) ...FORMULA ( 9 ) 

In the foregoing calculation of the channel estimation 
value, a calculation of the WMSA after inter-slots correction 
is made; it is adapted in the foregoing FORMULA ( 4 ) that the 

20 correction of estimation value is carried out while adjusting 
the head of a slot* Accordingly , when the WMSA is made as it 
is, the obtained channel estimation value is equivalent to the 
value of the head of the slot. When carrying out a coherent 
detection by calculating the channel estimation value of each 

25 symbol, the channel estimation value of each symbol is obtained 
by multiplying the symbols from the symbol next to the first 
symbol as they are by the phase rotation correction value 
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ABsymbol, That is to say, when calculating the channel 
estimation value of each symbol, the output of the weighted 
adding circuit 204 is multiplied by the phase rotation 
correction value AGsymbol which has obtained by the per-symbol 
5 phase rotation correcting circuit 209 in the multiplier 206 
(symbol-unit processing) - 

However, since it is preferable to use a channel 
estimation value of the slot center (or the center of the pilot 
symbol section) when carrying out a coherent detection using 

10 a channel estimation value of a slot unit, it is also preferred 
to carry out the coherent detection using a value which is the 
value after WMSA multiplied by approximately 4*A9symbol or so 
(when the pilot symbol length of which slot length is 10), 
Further, it is appropriately changeable whether a 

15 channel estimation value of the average of slots or a channel 
estimation value of a symbol unit is used. when a channel 
estimation value of a symbol unit is used, an identification 
indicated that the channel estimation value is of the symbol 
unit is input to the per-symbol phase rotation correcting 

20 circuit 209, and the per-symbol phase rotation correcting 
circuit 209 multiplies the output of the weighted adding circuit 
2 04 by the phase rotation correction value AGsymbol according 
to the identification. On the other hand, when a channel 
estimation value of the average of slots is used, according 

25 to the fact that the channel estimation value is of the average 
of slots, a processing is performed so as to adjust the channel 
estimation value to the slot median. 
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As described above, since the phase rotation of which 
state of changes is caused from the frequency offset and the 
phase rotation of which state of changes is caused from the 
fading fluctuation are corrected separately and both 
5 corrections are reflected to the channel estimation, the channel 
estimation accuracy can be improved without allowing the 
reception quality to be deteriorated. 

Further, by carrying out the channel estimation in 
such manner that the phase rotation is corrected as a symbol 

10 unit (in-slots processing) before the in-phase addition of the 
despreading signal, further, the phase rotation is corrected 
as a slot unit (inter-slots processing) after the in-phase 
addition, the channel estimation accuracy can be improved more . 

Furthermore, in the first embodiment, although a 

15 description has been made to the case when the channel estimation 
value of the average of slots and the channel estimation value 
of a symbol unit are obtained by carrying out both of the phase 
rotation correction of a symbol unit and the phase rotation 
correction of a slot unit, the present invention may be adapted 

20 such that the channel estimation value of the average of slots 
and the channel estimation value of a symbol unit are obtained 
by carrying out the phase rotation correction of a slot unit 
only. 

25 (Second embodiment) 

In a second embodiment, a description will be made 
to the case that a control of switching between the phase rotation 
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correction of the frequency offset and the phase rotation 
correction of the fading fluctuation, and switching of the 
weight factors in the WMSA are made. 

FIG. 5 is a block diagram showing a configuration of 
5 a channel estimating circuit according to the second embodiment 
of the present invention- In the channel estimating circuit 
shown in FIG. 5, the parts which are identical to those shown 
in FIG. 3 are given reference numerals similar to those in FIG. 3 
and their description thereof will be omitted. 
10 A channel estimating circuit shown in FIG. 5, is 

provided by switches 401 and 4 02 that switches the output from 
a phase rotation detecting circuit 2 OS . The switch 4 01 controls 
the output of frequency offset component detected by a frequency 
offset detecting circuit 2051 whereas the switch 402 controls 
15 the output of the detected fD value detected by fD detecting 
circuit 2052. 

The components to be taken into consideration for phase 
rotation correction are the frequency offset and the fading 
fluctuation, as have been described in the first embodiment. 
20 Accordingly, as the modes to be switched, there are two modes, 
i.e., as a component of the phase rotation correction, the 
frequency offset only or a combination of the frequency offset 
and the fading fluctuation; and there are two methods for 
controlling the WMSA corresponding to the fading fluctuation. 
25 That is to say, as will be described bellow, the following four 
modes are considered (referring to FIG. 6). 

Mode #1: The phase rotation correction takes into 
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consideration the frequency offset only. Since the influence 
of the phase rotation due to fading fluctuation remains, it 
will be handled by the switching weight factors of the WMSA. 

Mode #2: The phase rotation correction takes into 
5 consideration both frequency offset and fading fluctuation. 
However, taking into consideration the detection accuracy of 
the Doppler frequency and the speed of changes in the direction 
of the phase rotation in the fading fluctuation may be assumed, 
the correction by means of the fading fluctuation may be limited 

10 to either a case of high Doppler frequency or a case of low 
Doppler frequency. Further, when phase correction to the 
fading fluctuation is carried out, the switching of the weight 
factor for WMSA is not carried out, and the slot length to be 
averaged is of a fixed value. 

15 Mode #3: The phase rotation correction takes into 

consideration both frequency offset and fading fluctuation. 
However, similar to mode #2, the correction which takes into 
consideration the fading fluctuation may be limited to either 
a case of high Doppler frequency or a case of low Doppler frequency . 

20 in such case, the influence of the instantaneous phase rotation 
due to lading fluctuation may remain even after phase correction 
to fading fluctuation; it will be handled by switching weight 
factors of WMSA of the fading fluctuation. 

Mode #4: The weight factor of the WMSA is switched 

25 based on Doppler frequency in the fading fluctuation, but the 
phase rotation correction with respect to the frequency offset 
is not carried out. 
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In the channel estimating circuit according to the 
second embodiment , by inputting and hence switching the mode 
information to switches 401 and 4 02 , the phase rotation 
correction is performed based on the mode information. 
5 For example, when the mode information is mode #1, 

the switch 401 is controlled so as to output the frequency offset 
component which is the output of the frequency offset detecting 
circuit 2051 to per-symbol phase rotation correcting circuits 
209 and 210 and a per-slot phase rotation correcting circuit207 ; 

10 whereas, the switch 4 02 is controlled so as not to output the 
detected f D value which is the output of the f D detecting circuit 
2 052- From the fD detecting circuit 2052, the fading 
fluctuation component (detected fD value) is output to a weight 
factor calculating circuit 208. 

15 Owing to this, as the phase rotation correction, only 

the frequency of f set is taken into consideration; the influence 
of the phase rotation due to fading fluctuation is suppressed 
by switching the weight factor of the WMSA corresponding to 
the Doppler frequency (detected fD value) . That is to say, 

20 when the Doppler frequency is high (for example, fD=200Hz or 
more) , the averaging time is shortened (number of slots before 
and after carrying out the averaging is reduced); when the 
Doppler frequency is low, the averaging time is elongated 
(number of slots before and after carrying out the averaging 

25 is increased) . 

When the mode information is mode #2, the switch 401 
is controlled so as to output the frequency offset component 



X O D ? v O V : , O 3 3. £i Q K 

27 

which is the output of the frequency offset detecting circuit 
2051 to per-symbol phase rotation correcting circuits 209 and 
210 and a per-slot phase rotation correcting circuit 207; 
whereas, the switch 4 02 is controlled so as to output the detected 
5 f D value which is the output from the fD detecting circuit 2052 
to the per-symbol phase rotation correcting circuits 209 and 
210 and to the per-slot phase rotation correcting circuit207 . 
From the fD detecting circuit 2 052, the fading fluctuation 
component (detected fD value) is output to a weight factor 

10 calculating circuit 208. 

Owing to this, the phase rotation correction takes 
into consideration both frequency of f set and fading fluctuation. 
In this case, it may be controlled so as to output the detected 
fD value which is the output of the fD detecting circuit 2052 

15 only when the Doppler frequency detected by the fD detecting 
circuit 2052 is high, or contrarily, it may be limited controlled 
according to conditions such as , only when the Doppler frequency 
is low, the detected fD value is output, etc. In this case, 
the weight factor calculating circuit 208 does not switch the 

20 weight factor of the WMSA based on the mode information, and 
the slot length to be averaged is of fixed value. 

When the mode information is mode #3, the switch 401 
is controlled so as to output the frequency offset component 
which is the output of the frequency offset detecting circuit 

25 2051 to per-symbol phase rotation correcting circuits 209 and 
210 and a per-slot phase rotation correcting circuit 20 7 ; whereas , 
the switch 402 is controlled so as to output the detected fD 
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value which is the output from the fD detecting circuit 2052 
to the per-symbol phase rotation correcting circuits 209 and 
210 and to the per-slot phase rotation correcting circuit 207. 
From the fD detecting circuit 2 052, the fading fluctuation 
5 component (detected fD value) is output to a weight factor 
calculating circuit 208. 

Owing to this, the phase rotation correction takes 
into consideration both f reguency offset and fading fluctuation . 
Similar to mode #2, it may be controlled so that the switch 

10 402 is turned ON /OFF according to the conditions of the Doppler 
frequency detected by the fD detecting circuit 2052. 
Additionally, the influence of the phase rotation due to the 
fading fluctuation is suppressed by switching the weight factor 
of the WMSA. That is to say, when the Doppler frequency is 

15 high (for example, fD=200Hz or more), the averaging time is 
shortened (number of slots before and after carrying out the 
averaging is reduced); when the Doppler frequency is low, the 
averaging time is elongated (number of slots before and after 
carrying out the averaging is increased) . 

20 when the mode information is mode #4, the switch 401 

is controlled so as not to output the frequency offset component 
which is the output of the frequency offset detecting circuit 
2051 to per-symbol phase rotation correcting circuits 209 or 
210 or a per-slot phase rotation correcting circuit 2 07 ; whereas , 

25 the switch 402 is also controlled so as not to output the detected 
fD value which is the output of the fD detecting circuit 2052. 
From the fD detecting circuit 2052, the fading fluctuation 
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component (detected fD value) is output to the weight factor 
calculating circuit 208. 

Owing to this, the influence of the phase rotation 
due to the fading fluctuation is suppressed by switching the 
5 weight factor of the WMSA. That is to say, when the Doppler 
frequency is high ( for example, f D=200Hz or more) , the averaging 
time is shortened (number of slots before and after carrying 
out the averaging is reduced); when the Doppler frequency is 
low, the averaging time is elongated (number of slots before 

10 and after carrying out the averaging is increased). 

As described above, by appropriately switching the 
mode for switching the phase rotation correction and the WMSA, 
it is possible to carry out appropriate channel estimation 
according to the status of the channel* Particularly, 

15 regarding mode #2 and mode #3, when the phase rotation due to 
the fading fluctuation is larger than the phase rotation 
component due to the frequency offset, that is, the case of 
a high Doppler frequency, since the influence that the phase 
rotation due to the fading gives to the channel estimation 

20 accuracy as a slot unit and the channel estimation accuracy 
obtained by the WMSA is large, it is conceivable that a better 
channel estimation value may be obtained by carrying out 
correction including not only the frequency offset but also 
the phase rotation due to the fading. 

25 The foregoing first and second embodiments can be 

implemented being appropriately combined. 

Furtherer, the present invention is not limited to 
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the foregoing embodiments, but may be implemented being 
variously modified - 

The channel estimating apparatus of the present 
invention has a configuration that comprises a phase rotation 
5 detecting section that separately detects a frequency offset 
component and a fading fluctuation component of a phase rotation 
from a known signal included in a received signal and a channel 
estimating section that carries out channel estimation using 
said frequency offset component and said fading fluctuation 
10 component of the phase rotation. 

According to the configuration, it is enabled to 
increase the channel estimation accuracy without allowing the 
reception quality to be deteriorated - 

The channel estimating apparatus of the present 
15 invention has a configuration that comprises a first phase 
rotation correcting section that carries out, referring to the 
foregoing configuration, a phase rotation correction of a slot 
unit using the frequency offset component of the phase rotation. 

The channel estimating apparatus of the present 
20 invention has a configuration that comprises a second phase 
rotation correcting section that carries out, referring to the 
foregoing configuration, a phase rotation correction of a symbol 
unit using the frequency offset component of the phase rotation . 

According to these configurations, since it is 
25 possible to carry out the phase rotation corrections in symbol 
level and/or in slot level, separately, it is also possible 
to carry out the channel estimation with better accuracy. 
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The channel estimating apparatus of the present 
invention has a configuration that comprises a weight factor 
calculating section that calculates , referring to the foregoing 
configuration, a weight factor which is used to carry out a 
5 weight addition among the slots in a channel estimation using 
a fading fluctuation component of the phase rotation. 

According to the configuration , it is possible to 
increase the channel estimation accuracy using channel 
estimation values of a plurality of slots that are supposed 
10 to have a high fading correlation. 

The channel estimating apparatus of the present 
invention has a configuration that calculates a channel 
estimation value of each symbol by multiplying an output after 
weighting addition by phase rotation correction value of a 
15 symbol unit calculated by said second phase rotation correcting 
section when calculating channel estimation value of each symbol 
in the foregoing configuration. 

The channel estimating apparatus of the present 
invention has a configuration that carries out a processing 
20 on an output after weighting addition so as to adjust the channel 
estimation value to a slot median when calculating a channel 
estimation value of the average of slots in the foregoing 
configuration . 

According to these configurations, the channel 
25 estimation value can be obtained accurately either in a symbol 
unit or in an average of slots. 

The base station apparatus of the present invention 
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is characterized by comprising a channel estimating apparatus 
having the foregoing configurations- Owing to this, the base 
station apparatus can carry out high accuracy channel estimation 
and provide a high receiving performance. 
5 The channel estimating method of the present invention 

comprises a phase rotation detecting step that separately 
detects a frequency offset component and a fading fluctuation 
component of a phase rotation from a known signal included in 
a received signal and a channel estimating step that carries 

10 out channel estimation using the frequency offset component 
and the fading fluctuation component of said phase rotation - 
According to this method, it is possible to increase 
the channel estimation accuracy without allowing the reception 
quality to be deteriorated. 

15 The channel estimating method of the present invention 

comprises, referring to the foregoing method, a first phase 
rotation correcting step that carries out a phase rotation 
correction of a symbol unit using a frequency offset component 
of the phase rotation and a second phase rotation correcting 

20 step that carries out a phase rotation correction of a slot 
unit using said frequency offset component of the phase 
rotation - 

According to the method, since it is possible to carry 
out the phase rotation correction in symbol level and in slot 
25 level, separately, it is also possible to carry out the channel 
estimation with better accuracy. 

The channel estimating method of the present invention 
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comprises a weight factor calculating step, referring to the 
foregoing method, that calculates a weight factor which is used 
to carry out weight addition among the slots in the received 
signal using the fading fluctuation component of the phase 
5 rotation. 

According to this method, it is possible to increase 
the channel estimation accuracy us ing channel estimation values 
of a plurality of slots that are supposed to have a high fading 
correlation. 

10 As described above, according to the present invention, 

since the frequency offset component and the fading fluctuation 
component of the phase rotation are detected separately from 
a known signal included in the received signal, and the channel 
estimation is performed using the frequency offset component 

15 and the fading fluctuation component of the phase rotation, 
it is possible to increase the channel estimation accuracy 
without allowing the reception quality to be deteriorated. 

This application is based on the Japanese Patent 
Application No. 2000-214434 filed on July 14, 2000, entire 

20 content thereof is expressly incorporated by reference herein. 

Industrial Applicability 

The present invention is applicable to a channel 
estimating apparatus and a channel estimating method used in 
25 a digital radio communication system, particularly in the CDMA 
system. 



